SYSTEM VIEW OF LEAN CONSTRUCTION
APPLICATION OPPORTUNITIES

Construction has been one of the first sectors to discuss Lean Thinking in an environment
different from that where it was developed. Lean Thinking is a broad concept and construction is
a highly diversified and complex sector, so the opportunities for application are very wide. This
paper will discuss these opportunities in a systematic framework, useful for identifying
interactions among applications developed so far as well as gaps for future studies.

This framework will be constructed crossing Lean Thinking core elements and construction
main flows. Due to differences between construction and manufacturing, lean tools direct
application is not suitable in most cases. Lean principles deployed to a detailed conceptual level,
named core elements, is argued to be a better basis for the discussion of potential applications in
different environments, as construction. According to lean concept, construction is understood in
this paper as a connection of five main flows. The discussion of each core element for each flow
points up opportunities of application.

Lean construction, applications, system view.
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Lean Thinking is a concept based on the Toyota Production System (TPS), consequently
developed in a manufacturing environment, more specifically in the automotive industry. Since
Womack, Jones, and Roos (1990) announced this concept as a new production paradigm, several
industries have dedicated great attention to the possibilities of applications to their environments.

Construction is a very complex sector, with many differences from manufacturing. Since
Koskela’s pioneer report (Koskela, 1992), several researchers and industry practitioners have
sought concept interpretation (e.g. Howell and Koskela, 2000; Howell, 1999, Ballard and
Howell, 1998) and practical application. A large number of discussions and cases can be found in
the International Group for Lean Construction (IGLC) Conference papers’, dealing with different
issues, such as design, suppliers, job site, etc.

A system view understanding of concepts and experiences accumulated so far is the harder
challenge for companies from any industry, in the lean transformation. Lean Thinking is a
complex combination of philosophy, system and techniques, and a misunderstanding of this
combination, for example focusing on isolated techniques (or tools), is one of the most common
reason for poor partial implementations with few results.

This paper presents a proposal of a framework that aims to enable a systematic discussion of
opportunities of lean thinking application to the construction sector. The system view provided
by this discussion is useful for understanding the complex links that exist among lean concepts,
techniques, and cases applied to the construction so far, as well as for the identification of gaps
and future priorities.

Waste elimination is the basis of Lean Thinking, as stated in the TPS definition referred by Liker
(1997, p.7): "a manufacturing philosophy that shortens the time line between the customer order
and shipment by eliminating waste." For this purpose, several techniques (or tools) have been
developed, directly related to Lean Thinking.

The term "techniques" (or tools) is generally used for routines, standardized for training and
communication, such as Kanban, Total Productive Maintenance (TPM), 5S, Poka-yoke, etc’.
These techniques are the most visible components, and sometimes are misunderstood, being
confused with the whole system. Shingo (1989, p. 67) says that most people answer that “TPS is
Kanban," but in his opinion TPS is just 5% Kanban, (that is a means of achieving Just In Time),
15% production system, and 80% waste elimination.

The understanding of the philosophy and system that are behind these techniques is
fundamental: "Lean manufacturing includes a set of techniques that comprise a system that
derives from a philosophy" (Shook, 1997, pg 45). We can say that techniques are more related to
operational aspects, system to integration aspects, and philosophy to conceptual aspects (Table
1). In truth, the separation of technique/system/philosophy is not simple. Every technique
(Kanban, for example), when taught, is integrated to the system (e.g. the JIT production system)
and several conceptual aspects, or philosophy, are emphasized (pulled production, total quality,
etc.).

? Available in Alarcon (1997) and at IGLC site: http://cic.vtt.fi/lean/conferences.htm.
? These and other techniques are described in the literature, e.g.: Shingo (1989), Monden (1998), Schomberger
(1982), Suzaki (1987).



Table 1 — Lean Thinking: Philosophy, system, and techniques

Level Aspects Focus Aspects Adaptation demanded
#$ % Conceptual Permanent goals
A Coordination | How techniques are ~ +
aspects integrated, coherently é'e': ‘T’. . .
with philosophy 9 » :
) R+ Operational How to put the ~
philosophy in
practice

The philosophy behind systems and techniques is the most important element. It is very difficult
to be described since it is composed by objectives and concepts not always explicit. In TPS the
subtle philosophy is transmitted day-by-day to employees and is present in all operational
techniques.

Besides a conceptual basis provided by philosophy, a company needs practical application
templates, in the operational level, to design its systems and select techniques. The direct
application of techniques developed in an industry to a different sector is limited, due to specific
characteristics of each industry (as stated by Koskela and Vrijhoef 2000). In this case, more
adaptation is demanded in the operational extreme (techniques) and less in the conceptual
extreme (philosophy). In the framework proposed we subordinate the techniques’ understanding,
selection, and adaptation to a deployed concept analysis. We named this deployed concepts as
“lean core elements,” discussed below.

Construction is a very complex sector, with strong fragmentation. In the product cycle several
companies are involved, such as owners, designers, general contractor, sub-contractors, suppliers.
Lean thinking proposes that the enterprise should be analysed through their flows (from order to
cash, from raw materials to delivery, etc.), and not through departments.

The construction project can be understood as a virtual, multi-company and temporary
organization. The application of lean thinking application opportunities, if limited to each
company involved, will not focus on the major potential of waste reduction, considering the
whole flows within the project. For this reason, the construction main flows, discussed below, are
the second dimension of the proposed framework.

We propose as a framework for a systematic analysis of lean thinking opportunities® for the
construction sector a matrix, crossing the lean core elements and the construction flows, as
discussed above and detailed in the following sections.

This framework’s objective is to provide a system view to help construction sector agents to
design their system and select, adapt or create techniques coherent with lean philosophy.
Identifying techniques and showing how they are integrated in the “lean core elements x flows”
framework is a way to give meaning and context to these techniques.

* "Opportunities for application" or just "opportunities" are referred in this work as possible applications of lean
concepts or techniques to the construction sector , with interesting expected results.



The inexplicit way lean philosophy, system and techniques have been developed and transmitted
in Toyota becomes a difficulty for other companies and industries to understand its core elements
and try to implement them. Several authors, from outside, have studied the system, providing
descriptions more focused on the system and its techniques, such as .: Shingo (1989), Monden
(1998), Schomberger (1982), Suzaki (1987)

The most recent efforts to understand the core elements are provided by Womack and Jones
(1996), Spear and Bowen (1999) and Fujimoto (1999).

. /0
Womack and Jones (1996) organize the fundaments of Lean Thinking in five principles:

, +": specify and enhance value

, +7 &7, ( identify the value stream and remove waste
1: make the product flow

+ : let the customer pull

*-2" & ): manage toward perfection
Actually, these principles go beyond the Production System practiced up to now by Toyota,
emphasizing for example aspects in the principles "Value" and "Value Stream" towards a vision
of a wide application in the whole and extended company.

/3
Spear and Bowen (1999) state that the tacit knowledge that underlines TPS can be captured in
four basic rules:

-4: shall be highly specified as to content, sequence, timing, outcome;
)" & )# all communications must be direct and unambiguous;
,& 1,%#: for every product and service must be simple and direct;

($- ") must be made using a scientific method at the lowest level in the
organization.
The authors discuss how these rules are in the basis of the TPS, and how they create an
environment with high delegation level that enables decentralized and continuous change without
creating chaos.

/5
Fujimoto (1999) analyzes the TPS from an evolutionary point of view and identify three
levels of capabilities that explain its sustained high performance and continuous improvement:

+£)6"7 (,)+2, &+-)8 ,$,9 &% — related to the standard and accurate way to
perform activities in all company's processes;

+)6"7 ",-))8 ,$,9 &% — routines for problem identification, problem
solving and solution retention;

+ ),-% ",-) )8 ,$,9 &%. — intentional and opportunistic learning capability
of handling system changes in building the above routine capabilities



The author reinterprets manufacturing activities as an information system, and summarizes
the production capability of the most effective Japanese automakers as "dense and accurate
information transmission between flexible (information-redundant) productive resources"
(Fujimoto, 1999, p.108). The "dense" aspect is related to productivity, efficiency, and waste
elimination. The importance of a regular pace of information transfer is also emphasized. Quality
is interpreted as accuracy of information transmission.

The three approaches briefly referred previously give us a better understanding of the lean
philosophy and its core concepts. To apply these concepts in different environments (as other
industries, including construction) it is interesting to deploy these ideas or principles in detailed
concepts, but not reaching the operational field, provided by techniques.

Table 2 presents a proposal of this deployment in core elements, showing related techniques
in the right column. The conceptual part of this Table (all columns but the techniques column) is
presented as a tree, expanding from objectives and Womack and Jone's five values to more
detailed concepts, named "core elements", presented in two levels of detailing (columns three
and four).

Spear and Bowen's and Fujimoto's approaches, although represent different emphasis and
perspectives, are considered in Table 2 related to Womack and Jone's five principles. Spear and
Bowen's rules: work highly specified, pathway and connections and Fujimoto's routinized work
capability can be related to Womack and Jone's Flow and Pull values. Spear and Bowen's
improvement rule and Fujimoto's routinized and evolutionary learning capabilities can be related
to Womack and Jone's Perfection principle.

This tree representation is simplified. Some "core elements" are in truth related to several
principles, as well as many techniques are related to different core elements. The aspects depicted
in Table 2 are more conceptual to the left (philosophy) and more operational, to the right
(techniques). The system level, not depicted in this Table, would combine techniques, according
to the philosophy. The core elements, as the most detailed conceptual level, are in the border
between philosophy and techniques, providing a valuable basis for lean systems design, mainly in
different environments, where some techniques, developed in the original environment, can be
inapplicable.

We argue that the discussion of Lean Thinking application to environments different than
manufacturing is facilitated if focused on the core elements presented in Table 2. For example,
the discussion of the technique "fast set up" can be difficulty in industries as construction and
services, but the related core element "flexibility" can be discussed and deeply understood
considering the specific characteristics of the desired environment.

The core elements presented in Table 2 depict, in an intermediate level of detailing, what one
should find in a Lean Enterprise, aiming the objectives and principles. Discussing these core
elements can help a company to design its systems and selecting, adapting or developing
appropriate techniques.
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Lean Thinking states its concepts application in the whole company, considering the main
flows in an enterprise (Womack, 1999):

From order to cash;
From concept to launch;

From raw materials to customer;
Recently, these flows were extended, including "in use through life cycle to recycling"
(Womack, 2000). A schematic representation of these flows is presented in Figure 1°.

Figure 1 - Flows in manufacturing

In manufacturing, the three flows before delivery can be well characterized inside one
plant, inside one corporation, or within the total value chain. In Construction, each flow
meaning must be interpreted, for each value stream participant and for the whole project, as
well — Picchi (2000). We present in Figure 2 an interpretation of these flows, considering the
construction project level, thus involving all participants.

We named "Business Flow" the flow led by the owner, involving since the construction
needs identification, project general planning, designing and construction contracting and
monitoring, and construction delivery for use for the final client

The design flow is generally led by the Architect, and involves the owner (needs
identification and project briefing) and all designers as main participants. The general
contractor leads the job site flow, frequently using a high level of sub-contracting. The supply
flow involves several products (materials and components), and is similar to the supply chain
in any other sector. The separation between design flow and job site flow is not so clear as in

> Womack (2000) defines the flows as: design (concept to customers), build (order to delivery, combining the
previous "order to cash" and "raw materials to delivery" and sustain (in-use trough life cycle to recycling).
In Figure 1 we maintained the separation of the flows "order to cash" and "raw materials to delivery".
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manufacturing. Even in the development market, where there is a "product launch", some
design activities, as shop drawings and detailing, overlaps the production, on job site.

Figure 2 shows the relationships among these flows, also representing the use and
maintenance flow, which starts after construction delivery (equivalent to the "sustain flow" in
manufacturing). This flow comprehends: use, operation and maintenance, as well as repair,
refurbishing, remodeling and demolition. The companies involved in the use and
maintenance flow mostly are different from those involved in the flows before delivery.
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Figure 2 —Flows in construction

A brief comparison between Fugures 1 and 2 shows us one difference between
construction and manufacturing: the long term project duration, versus the repetitive short
cycle time production.

We show in Table 3 some examples of opportunities of applications for each cell of the
proposed framework, just as a schematic view of the enormous opportunities for Lean
Thinking application in construction®. Several other opportunities and works done so far can
be identified, as discussed by Picchi (2001).

Any isolated application has no meaning, from the system point of view. The strength of lean
enterprise system is in the complex relationships among all these possible actions. Table 3
shows us in the lines the combination of different techniques for each core element trough all
flows. In the columns we can see the necessary integration of all core element

% For the use and maintenance flow the opportunities were presented in a simplified way, grouping core
elements, reflecting the few discussion about lean application to this flow.




implementation, for each flow. Every application, if plotted in this framework, can be better
understood, from the lean philosophy point of view.

Some opportunities were identified as a vision of suitable applications with expected results
for the construction sector, but with no practical use so far. Other opportunities have already
been used, showing its applicability to the construction sector. The detailed discussion done
by Picchi (2001) shows that the efforts so far are concentrated in the job site flow, followed
by design and supply flows, and mainly in the core elements related to flow and pull.

The main lacks are in core elements related to value, value chain, and perfection, and in
the business and use and maintenance flows, important subjects for future studies. The
business flow coordinates the whole project, and can enable or hinder lean application in
other flows. The use and maintenance flow, including all activities other than new

construction, is reaching one half of construction activities, in advanced industrial countries
(Bon and Crosthwaite, 2000, p.18).



pue asn uo JuIsnooy - s300f01d jo Suruurdoq 7
douBUIUIBW PUE QOURUIUIBWI/ASN | O} JB WA)SAS SSAUISNQ OY) SUIMIIADI - -
osn  woy Surured] | SurA[os pue uondep wdjqold swied) Surajos | pue s qol  woy  Surures| 100(01d £19A9 JO puo .
10J ejep Sunoo[od - [IseJ 10 spnq Supeurwi - | -wojqoid Ul s10)oeNU0d-qns SulA[oAul - | uSisop onewolsAs  Jundope - | oYy Je poured] suosso| Juneprjosuod - | g( (-¢,
(010 ‘sayoyeq [rews ‘sdn-jas jsey
quowrdinbe  JySu)  Apiqrxery SIONIOM PI[[IyS-nw Surures) - SO01}JO sjuose | #, -+ #.-
ureyd Ajddns Surouequo - juowdinba o[qrxopy Suisn - | uSisop ueamioq sdiyszouped -- | paajoaur qie ur Aypqixeyy Suruuerd - . 6=
K1essaoou KIDAT[9p So[npowr
Se  so[npowl  UONONNSUOO | [[ews Juisn ssoooid ur yrom Furonpar - Y- J
10§ sy Ajddns Suwoarep - ("030 ‘rouued ise| Aresooou ' NN.
ureyo Ajddns | ‘uequey) sionddns smard uoomioq pue | se  uopeuuojul  SULIDAIPP - KIeSS900U SB SeaIe Cr+l -¢|*
ojoym 9y} UM AIOAIOP | SMOIO JUSIOHIP UOMIDQ SW)SAS pafind SJUAAQ | [[BWS Ul UONONISUOO SULIDAIP - .
pue uononpoxd [y Sundope - | Sundope Suruuejd peysnd Suneurwr - | 30818} Aq sseooxd uSisep Surnd - Sunrem uonewoul SunEUIWIS -
("339 “Ky1renb ‘swojqoid ‘ssarSoid)
wo)sAs pofind € sysey 931s qof 10y jonuod [ensia Sundope - J3ueyoxo
ur yiom 0y sirddns $9]040 Ajddns Surziprepuess - (-0 (030 ‘sown 9[oAd ‘uonejudsaid | uoneuIojul  10j s)PUBnXd  Suisn -
pue SI0JOBIIUOD SO[NPOW UOTONISUOD | QW) J[0AD ‘S|00) Aressodou ‘uondriosap | ‘Surouonbas ‘sodmos uonewLIojur) syuage 100f01d - T
-qns  Surdofeadp - | 10§ s Ajddns Surziprepuess - | spom) sassasord s qol Surziprepuels - | ssaooxd  uSisop  Swiziprepuels - | Suowre sompaooxd Fuiziprepuess - | -2 (R
SIOI0OM NdL
ysey-ninu ururen - *030 ‘Qa1owod | Sursn Aypiqerjar judwidinbe  Juumnsse -

SMO[J QoueUdIUIRW | -0 ‘uequey Suisn  ‘ssao01d (saanpasoid pue soo1A0p Jooid-oxeisiur) Iz
pue osn Suiziundo | aseyoind QAnensupe | ayoA-exod pue jonuod Ayjenb Sundope - ss2001d ugisop 6" .-
pue  Suiddew - | oy} ur owr ped| Suronpar - | MO[J U} AZIWIXEW Jey) sass001d pue ozis | yoed 1oye Supyodyd Ajenb - * NA.. T

sasad01d ureyo Ajddns sjoym | juowdmbs — ASojoutyod) Jy3u Sursooyo - saSexord 100f01d ajoym Pt
QoUBUQJUIRW | AY) UMM (PUBWIOP  [BMIOE *010 ‘Funrem | [rews ur uonewojur Suidueyoxs - | oy urym walsAs Ayjenb undope - .T. +8.-
pue asn ur | owoisno  Aq  soniande (e | yodsuen se yons ‘sanianoe  Suippe Suroouidud 9oed xern3ar ypm douanbas c( '
yiom Fwiziprepuels - | Suroed) 1doouos ey Sundope - | onjea-uou Jupeurwne pue Surddewr - | juornouoo paseq 19s Jundope - | sonianoe jondxe  ue  Jundope - Hhe
s52001d EE=RTG
udisop  joofoxd  ur  s10joenUOD IAGER
ureyo Ajddns sjoym oy} urym -qns pue s1orjddns Suiajoaur AJ1es - soo110d unoeIUOd SUIMIIAJI - .7
sq)sem  IOUyJ0 pue  AIOJUSAUI so[npowr Aq swed) pue y1om Juiziuesio s1ouSisop Juowre Suniem pue syuage yoofoxd | ¢ g( 22"
Suneurup  pue Juiddew - | ‘amyonns  10)oenuod-qns  SuruFisopar - | yromar Jupeurwnd pue Surddew - | Suowe sdiysuonesr JumuSisopar - | ,+ ¢ 8
sanianoe Surddeprono - [¢
SOUIT) UOT)ONISUOD 79.%5)

sass2001d uonerado 1If uononpar awn Suueourdud Jjuaunouod | Joys  ym  snpord  Jundyyo 146
pue pue doueudjurewr | Suisn swn Ajddns Suronpar - | Sunrem Aq owmn uononnsuod Juronpar - [ Juisn own  uSisop Juonpar - | saidojens  ssoursnq  SwiSueyo - D)
Suneigojur - (K1qeurejurewr 930 ‘Kypiqepesddn Kpiqixay) se + .

MO} pue KypiqeaSueyorojul Suroueyud | yons ‘saxnyesy jonpord Suroueyuo - uoneoly109ds pue Sulfrelop 8V ‘¢ |+
Q0UBUSIUTRWI/ASN | JUSI[O [BUL AU} 0] ON[BA SB [[oM | ssa001d  A[jquiosse  Ased  :'xd)  JUQId sonbruyoey 1oypo | o3e] Aq jonpoid  Juiziwoysno - - .

pue MO[J | Se AN[IQRIONISUOD  SOUBYUD | Y} AQq PAIISOP SAINJLJ SOUBYUD Jey) | pue 40 Sulisn spadu JIowoisno SOOIAISS [RIOUBULJ ‘UOIIONNSUOD | > § 4+, -$ | *

ssouisnq Suneidoul - | jeyy syuouodwoo Surdojeasp - | sor3ojourdsy sseooidsonpord Suruiquios - | Surpuope  pue  Sulynuepr - | ‘uSisop  ‘oreyso [ear Supeidoyur - | 2, (¢ (

moj4 m_

gdueUIUIBIA Sjuswie|g |

pue asn mo|4 Al ddns Mo|d aus gor mo|4 ubisag MO[H ssauisng al0) 1

SMO| uoldNJIIsuUo) uea’] d

()

10309s uonodnysuod ayj ur uonedrdde Sunyury [, ues 105 sontunyioddo jo sopdwrexyq — ¢ 9[qe,




sours

syuedronied

I1e Suajoaur ‘ugisop

ddurUUTBW

s1o1iddns ueo] Surdojoaap -

SMID SI0}OBIIUOI-qNS SUIPN]IUT

quowasoxdwr sassodoxd ur uonedronred

SIoNIOM

[le 1oy sueow Supeord -

Snooj
ons qol pue juard Jupueyud -

100fo1d oy ur paajoaur sorueduiod
Ire ur swsAs ued] Jupuowdur -

# o1
(D)

17




12

Lean thinking is a complex concept and the understanding of the integrity philosophy-system-
techniques is fundamental for successful implementations. Using the proposed framework,
crossing core elements and construction flows, is a useful approach for identifying
opportunities for applications, providing the necessary system view.

As discussed previously, isolated techniques implementations have very limited results.
On the other hand, the implementation of all opportunities depicted in Table 3 needs
priorities, action plans, cooperation among project participants, etc. This brings us to the
major issue of implementation strategies, a great concern of companies from all industries
interested in the lean transformation. The complete implementation of a lean system in a
company takes at least five years (Womack and Jones, 1996), and keeping in mind the
complete framework since the first steps and understanding the meaning of intermediate
stages in the complete system is certainly a critical success factor.

Considering the sector complexity and its characteristics, we can say that important steps
have been done, even if compared with other sectors, more similar to automotive industry.
Considering the wastes in the construction chain and the many opportunities shown, we
conclude that a lot is still left, until we have a real case of application covering
simultaneously most core elements and construction flows. Due to construction complexity
and fragmentation, this is a goal that can be pursued only by a network of researchers,
practitioners, companies and institutions.
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author at MIT — Massachusetts Institute of Technology, between July 2000 and January 2001.
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